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Introduction
A functioning vascular access is essential for patients requiring haemodialysis (HD). A native arteriovenous fistula (AVF) has the best long-term outcomes although this advantage is frequently limited by early thrombosis, maturation failure, the need for access interventions and/ or placement of a central venous catheter (CVC) [1, 2] . Vascular access interventions are burdensome for patients and incur significant health care costs [3] . Patients and health professionals consider the need for interventions to maintain the use of a vascular access for HD the most important adverse outcome of a vascular access [4] , yet treatments to reduce intervention rates and to increase the usability of AVF have not been a major focus of randomised trials in patients requiring HD [5] . The inhibitory effects of omega-3 polyunsaturated fatty acids (fish oils) on platelet aggregation [6, 7] , inflammation [8, 9] , and neointimal hyperplasia [10] , and of aspirin on platelet inhibition could be beneficial in reducing the need for interventions for acute thrombosis and maturation-enhancing procedures. Fish oil supplementation has been shown to reduce intervention and thrombosis rates in arteriovenous grafts [11] but has not previously been studied in AVF.
The omega-3 fatty acids (Fish oils) and Aspirin in Vascular access OUtcomes in REnal Disease (FAVOURED) trial found that neither fish oil nor aspirin reduced the primary outcome 'AVF failure', a binary composite outcome comprising AVF thrombosis and/or AVF abandonment and/or cannulation failure assessed at 12 months following AVF creation [12] . The current analysis of secondary and exploratory outcomes of the FAVOURED trial aimed to determine whether fish oil or low-dose aspirin could reduce the need for access interventions and CVC exposure and/or increase the usability of newly created AVF for HD.
Materials and methods

Design and population
The design and results of the main outcomes of the FAVOURED study have been published [12] [13] [14] [15] [16] and the study protocol and statistical analysis plan are provided in Supporting Information S1 and S2 Files, respectively. FAVOURED was a prospective, double-blind, randomised controlled trial conducted in Australia, New Zealand, the United Kingdom and Malaysia involving 567 adults with stage 4 or 5 chronic kidney disease who were receiving or expected to receive HD within 12 months and scheduled for AVF surgery. The original study protocol underwent two amendments after study initiation [14] : First, the primary outcome of "early thrombosis" within 12 weeks of AVF creation was broadened to the clinically important outcome of "AVF access failure", a composite of thrombosis and/or AVF abandonment and/ or cannulation failure at 12 months. Second, the exclusion criteria of aspirin use were removed to allow participants on medically indicated aspirin to be randomised to fish oil or matching placebo and to continue using an open-label aspirin. Participants were randomly allocated in a 1:1 ratio to receive either fish oil (4g/d, 46% eicosapentaenoic acid and 38% docosahexaenoic acid) or matching placebo (olive oil). A subset of 406 participants either not taking aspirin or able to cease it prior to enrolment were further randomised in a 1:1 ratio to receive 100mg of oral aspirin daily or matching placebo. Treatment commenced one day prior to surgery and continued for 12 weeks. Participants were randomised via a central, web-based system (Flexetrials) using an adaptive minimisation algorithm with study site and planned AVF location (upper versus lower arm) as minimisation variables. Participants and care providers, laboratory staff and members of the study team were blinded to treatment allocation. 
Outcomes
Pre-specified secondary [12] and exploratory outcomes included the number and type of interventions from AVF creation to 12 months, and the time to the first intervention. Interventions comprised rescue procedures designed to restore patency of the AVF (medical thrombolysis or surgical thrombectomy) and non-rescue procedures (surgical or radiological revision or dilation of the AVF from or proximal to the anastomosis to the ipsilateral central vein, dilation of central venous stenosis, ligation of tributaries, superficialisation of the AVF, ligation of the AVF or salvage by distal reconstruction and interval ligation due to distal ischemia). Additional secondary outcomes encompassed the time to first successful cannulation (the time between surgery and first of three consecutive successful cannulations), time to primary patency loss (first thrombosis or need for rescue intervention), time to permanent AVF abandonment, time to abandonment or primary patency loss, and CVC exposure for HD (binary and count [duration in situ] outcome). Exploratory analyses included the binary outcomes of primary patency loss within the first 12 months and late dialysis suitability failure [17] (inability to cannulate the study AVF for at least 8 out of 12 consecutive HD sessions or access abandonment by 6 months post-surgery). S1 Table provides a summary of the outcomes and definitions.
Statistical analysis
Continuous variables were expressed as mean [± standard deviation] or median [interquartile range] depending on the distribution and categorical variables as numbers and percentages.
Pearson's Chi-square test or Fisher's exact test were used to compare categorical data as appropriate. Treatment effects for binary outcomes were determined by log-binomial regression and expressed as relative risks (RR) and 95% confidence interval (CI). Incidence rate ratios from Poisson regression were used for treatment comparisons on count outcomes. Cox proportional sub-distribution hazards models were used to compare treatment effects on time to first intervention, first successful cannulation and AVF abandonment treating death and transplantation as competing events. The proportional hazards assumption was tested by adding an interaction between treatment and time to each model. As there were few competing risks (<1% to 2.4%), survival results were displayed as Kaplan-Meier curves with 95% CI and competing events censored. All outcome comparisons of fish oil with placebo were adjusted for differences in aspirin use (randomised to aspirin, randomised to placebo aspirin, open-label aspirin). The robustness of the fish oil effect was assessed by additional analyses that adjusted for pre-specified baseline characteristics (planned AVF site, diabetes mellitus, age, cardiovascular comorbidities, and renal replacement therapy at baseline) and study region (Australia and New Zealand, Malaysia and the United Kingdom). The same statistical methods were used for the comparison of aspirin with matching placebo. A two-sided p-value less than 0.05 was considered statistically significant. Statistical analyses were performed using SAS version 9.4 (SAS Institute).
Results
The FAVOURED study randomised 567 participants to fish oil or placebo from August 21, 2008 to February 28, 2014 , of which 536 were included in the final analysis [12] Fig 1. Table 1 shows the baseline characteristics of the 536 participants; 31 participants were excluded because they either died prior to being assessed on any outcome (n = 5 in each of the fish oil and placebo groups) or did not have an AVF created (n = 9 randomised to fish oil, n = 12 randomised to placebo) [12] . Participants had a mean age of 55 years and 64% were male. Baseline characteristics were generally well balanced although more participants treated with fish oil compared to placebo were diabetic (48% versus 43%) or smokers (53% versus 48%). At study initiation, 49% were on dialysis with 84% dialysing through a CVC. At study end, 83% received dialysis with 61% using the study AVF (167 [62%] randomised to fish oil, 159 [60%] randomised to placebo). Of the 406 participants not taking aspirin or able to cease it prior to enrolment, 203 were randomised to aspirin and 203 to matching placebo [12] of which 388 (194 in each group) were included in the analysis (S1 Fig). The remaining 18 participants were excluded because they either did not undergo AVF creation (n = 5 randomised to aspirin, n = 8 randomised to placebo) or died before they could be assessed on any outcome (n = 4 randomised to aspirin, n = 1 randomised to placebo). As outlined in Table 1 , this subset of 388 participants had a lower prevalence of cardiovascular disease (7% randomised to aspirin, 5% randomised to Male, n (%) 171 (63) 171 (64) 120 (62) 126 (65) Country, n (%) Australia and New Zealand 192 (71) 191 (72) 150 (74) 147 (72) Malaysia 75 (28) 69 (26) 53 (26) 53 (26) United Kingdom 3 (1) 6 (2) 0 3 (2) Ethnicity, n (%) Asian 88 (33) 81 (31) 66 (34) 56 (29) White 139 (52) 150 (56) 102 (53) 117 (60) Indigenous a 34 (13) 25 (9) 22 (11) 15 (8) Other 9 (3) 10 (4) 4 (2) (48) 113 (43) 79 (41) 70 (36) Cardiovascular disease, n (%) 39 (14) 40 (15) 14 (7) 10 (5) Hypertension, n (%) 234 (87) 241 (91) 174 (90) 172 (89) Current or prior smoking, n (%) 144 (53) 128 (48) 92 (47) 93 (48) Medications Aspirin, n (%) 71 (26) 72 (27) NA NA Statin, n (%) 143 (53) 132 (50) 79 (41) 87 (45) ESA, n (%) 119 (44) 134 (50) 99 (51) 90 (46) Beta-blocker, n (%) 123 ( Renal replacement therapy at time of AVF creation, n (%) Peritoneal dialysis 14 (5) 19 (7) 16 (8) 10 (5) Haemodialysis 115 (43) 111 (42) 79 (41) 88 (45) Not currently receiving dialysis 141 (52) 136 (51) 99 (51) 96 (50) Principal access currently in use for participants receiving dialysis, n (%)
CVC (cuffed and non-cuffed) 110 (85) 108 (83) 77 (81) 87 (89) Peritoneal dialysis catheter 14 (11) 19 (15) 16 (17) 10 ( Fish oil and Aspirin Effects on Arteriovenous Fistulas placebo) compared to the full set of 536 participants randomised to fish oil (14%) or matching placebo (15%). Fig 2 and S2 Table present the frequency and type of AVF interventions by treatment arms for fish oil versus placebo (A) and aspirin versus placebo (B). Overall, 22% of participants receiving fish oil supplementation required at least one AVF intervention compared to 27% treated with placebo (S2 Table) . Of those, 17% treated with fish oil and 28% treated with placebo required more than one intervention. The majority of interventions occurred within the first 6 months of AVF creation (Fig 2) . Neither fish oil nor aspirin reduced the risk of needing at least one rescue-or non-rescue intervention compared to their matching placebo. Similarly, the time to first intervention was not significantly reduced by fish oil or aspirin (Fig 3A and 3B ; HR 0.85, 95% CI 0.57, 1.26, p = 0.41 for fish oil versus placebo; HR 0.81, 95% CI 0.51, 1.29, p = 0.38 for aspirin versus placebo). As shown in Fig 4A , intervention rates were significantly reduced by fish oil compared to placebo, driven by a significant reduction in rescue procedures (IRR 0.53 95% CI 0.34, 0.84, p = 0.005). The effect size remained similar when adjusting for pre-specified baseline characteristics and geographical regions. Of note, there was a significant reduction in the number of rescue interventions with fish oil during the active treatment period, i.e. the first 3 months, compared with placebo (p = 0.009) (Fig 2A) . Similarly, the rate of rescue interventions was reduced in the participants treated with low-dose aspirin compared to matching placebo (Fig 4B) . The fish oil by aspirin interaction test was not statistically significant for rescue or non-rescue interventions (p = 0.12).
AVF interventions
Primary patency loss and AVF abandonment
The proportion of participants with primary patency loss within 12 months of their AVF creation was not significantly reduced by fish oil (70/270 [26%] participants) compared to placebo (81/266 [31%]; RR 0.85, 95% CI 0.65, 1.12, p = 0.25) . Similarly, the time to primary patency loss was not significantly improved in the fish oil treated group compared to placebo (HR 0.81, 95% CI 0.51, 1.29, p = 0.38), as shown in Fig 5A . In participants treated with aspirin or matching placebo, primary patency loss occurred in 27% of participants in both treatment arms and the time to primary patency loss was similar for aspirin and placebo treated participants ( Fig  5B; HR 1 .01, 95% CI 0.69, 1.47, p = 0.98). 
CVC requirements
Half of the participants required at least one CVC within the first 12 months of AVF creation and this was not reduced by fish oil (RR 1.00, 95% CI 0.84, 1.19, p = 0.97) Fig  7A and 7B) .
Discussion
Secondary and exploratory outcome analyses of the FAVOURED trial showed that a quarter of participants required at least one AVF intervention within the first year of AVF creation, almost 30% experienced primary patency loss and 50% required at least one CVC. Three months of fish oil supplementation reduced the rate of AVF interventions, principally driven by a 47% relative reduction in rescue procedures for acute thrombosis. Similarly, low-dose aspirin reduced the incidence of rescue interventions by 55%. However, neither fish oil nor aspirin was effective in reducing the frequency and duration of CVC use, the frequency of late dialysis suitability failure or the time to first successful cannulation. Similarly, the time to first AVF intervention, primary patency loss or AVF abandonment did not differ significantly between treatment groups.
Fish oil had no effect on the primary composite outcome of AVF failure [12] , defined as the proportion of participants with AVF thrombosis, AVF abandonment and/or cannulation failure within 12 months of access creation. However, these secondary outcome analyses suggested a significant treatment benefit of fish oil in reducing the rate of AVF interventions. Similar findings were reported in arteriovenous grafts by Lok and colleagues [11] , whereby fish oil did not significantly reduce the proportion of AVG thrombosis or interventions to maintain patency but did lead to a clinically meaningful reduction in rates of thrombosis and access interventions. These observations suggest that count outcomes (i.e. rates) are more sensitive to the detection of changes by interventions compared to binary outcomes (i.e. proportions). In addition, a reduction in intervention rates but not in either the proportion of AVFs requiring intervention or time to first intervention suggests that fish oil may be beneficial in reducing recurrent interventions. Interventions, such as angioplasties, thrombectomies and revisions, can increase the risk of recurrent thrombosis and stenosis due to disruption of the endothelial layer and subsequent vasoconstrictive, pro-inflammatory and pro-coagulative responses [18] . The vasodilatory [19] , anti-inflammatory [8, 9] , anti-aggregatory [6, 7] , and anti-proliferative Fish oil and Aspirin Effects on Arteriovenous Fistulas effects [10] of fish oil may be beneficial in reducing this risk and hence the need for recurrent interventions. Additional studies might further explore the potential benefit of fish oil supplementation in secondary prevention of AVF interventions.
High-dose aspirin given as 1000 mg every other day has previously been shown to reduce access thrombosis within the first 28 days of AVF creation [20] . To minimize the risk of bleeding complications, a lower dose of aspirin (100 mg) was used in the FAVOURED trial. Lowdose aspirin, while not associated with increased bleeding, did not reduce the frequency of access thrombosis during the first 12 months of AVF creation as previously shown [12] . However, similar to fish oil there may be a potential role for low-dose aspirin to reduce intervention rates for access thrombosis that warrants confirmation in larger trials.
Vascular access function is the most frequently reported vascular access outcome but is very heterogeneous with almost 900 measures used to assess the usability and function of an access [5] . These additional analyses from the FAVOURED study provide novel information across a broad range of outcomes related to dysfunction of a newly created AVF including patency loss, need for interventions, CVC exposure, cannulation failure and access abandonment. Patients, caregivers and health professionals all consider the need for access interventions the most important clinical outcome measure of the function of a vascular access [21] . From a patient's perspective, the number of interventions and intervention-free time have a dramatic impact on their quality of life and well-being because access procedures are burdensome and time-consuming [21, 22] . Financial costs associated with AVF procedures account for more than half of the expenditure in the first year of AVF creation even without accounting for secondary expenditure for prolonged hospitalisation or procedure-related complications [3] . It is possible that inexpensive interventions including fish oil or low-dose aspirin to reduce AVF-related procedures may be cost-saving and have a positive impact on the patients' wellbeing and warrants evaluation in future studies.
More than a third of participants were unable to use their study AVF for dialysis by 6 months after access creation. This is comparable to the national average of AVF use of 36% in prevalent HD patients of the United States (U.S.) [23] and 39% reported in the U.S. Haemodialysis Fistula Maturation study [24] . Of note, in the North American study investigating the effect of clopidogrel on early fistula thrombosis and dialysis suitability failure [25] , 61% of participants were unable to use their fistula reliably for HD. The higher prevalence of cardiovascular disease (25%) and participants of black ethnicity (50%), and the use of a more stringent definition that included a minimum machine blood flow rate of 300 mL/min may have contributed to the higher frequency of dialysis suitability failure in the clopidogrel trial. Neither fish oil nor aspirin in our study, or clopidogrel in the North American study [25] , were effective in improving dialysis suitability despite reducing rescue intervention rates and early thrombosis, respectively. Dialysis suitability, while a clinically meaningful and relevant outcome, is multifaceted and not only the result of a complex fistula maturation process but also that of a multidisciplinary team effort comprising different surgical techniques, variations in fistula care and cannulation skills. A single treatment agent may therefore not be sufficient to alter such a complex outcome. Multipronged health service intervention studies that include pharmacological, patient-(e.g. vein preservation, AVF care) and clinician-directed (e.g. surgical technique, cannulation skills, access surveillance) interventions to improve AVF outcomes may be required and warrant further exploration. Our study addresses multiple clinically meaningful and relevant outcomes to assess AVF function, particularly the need for intervention. However, the study has some limitations that should be considered. Considering the 95% CI, the treatment benefits of fish oil in reducing intervention rates might have been as low as 16% or as large as 76% and a reduction in late dialysis suitability failure by up to 21% cannot be excluded. For enhanced precision in treatment estimates, a larger study would be required. It is possible that fish oil supplementation or aspirin use beyond the first three months may have had prolonged benefits in reducing the need for access interventions or CVCs. Three months of therapy were selected because early thrombosis and physiologic maturation (i.e. AVF flow and vein diameter) typically occur within the first few weeks of AVF creation [26, 27] . However, there is significant variability in the time to successful clinical maturation. Studies have shown a range in median time from AVF creation to cannulation of 25 days in Japan to 98 days in the U.S. based on the Dialysis Outcomes and Practice Patterns Study [28] . These observations reflect differences in case-mix, care processes, AVF complications (e.g. infiltrations), and AVF procedures [24] and are not expected to be influenced by fish oil or aspirin use.
Conclusions
Secondary outcomes of the FAVOURED study suggest that three months of fish oil supplementation or low-dose aspirin use may be beneficial in reducing intervention rates for acute thrombosis in newly formed AVF. However, neither fish oil nor aspirin was effective in reducing CVC exposure, decreasing dialysis suitability failure or prolonging the time to primary patency loss, access abandonment, first successful cannulation or first access intervention. Given the importance of access interventions to patients and health professionals and associated costs, we consider further studies to explore benefits of ongoing fish oil supplementation or low-dose aspirin use, particularly for secondary prevention of access interventions to be warranted. 
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